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Objective: To determine the feasibility of endovascular treatment of inflow stenoses in arteriovenous fistulae (AVFs)
through retrograde venous access catheterization.
Methods:We included all 22 dysfunctional AVFs with arterial inflow stenoses at access imaging between January 2002 and
September 2006. Following retrograde venous access puncture, an interventional radiologist intended to cross the
arteriovenous anastomosis and advance a catheter into the aortic arch. After depiction of the complete vascular access tree,
angioplasty and/or stent placement was aimed for stenoses with a>50% luminal diameter reduction at digital subtraction
angiography (DSA).
Results: In one radiocephalic AVF, a catheter could not be positioned into the aortic arch after retrograde venous access
puncture. DSA depicted 28 inflow stenoses in the remaining 21 patients (11 radiocephalic AVFs and 10 brachiocephalic
AVFs). Clinical improvement was obtained in 18 out of 19 patients with a technically successful intervention (<30%
residual stenosis after angioplasty or stent placement). Following endovascular therapy, access flow of 12 patients with a
low flow access improved from 431 150 ml/min to 818 233 ml/min, and four patients with steal symptoms became
symptom free. One nonmaturing fistula could be salvaged by angioplasty, and access cannulation problems were solved
in another patient following angioplasty. Brachial artery stent placement did not reduce steal symptoms in one case,
whereas two patients, in whom stent placement was not thought desirable, showed a>30% residual arterial stenosis after
angioplasty. No complications were observed at DSA and endovascular intervention.
Conclusion: Retrograde venous access puncture and catheterization, as an alternative to a potentially more hazardous
brachial artery or more invasive femoral artery approach, should be considered for the visualization of the arterial inflow
and endovascular treatment of inflow stenoses. ( J Vasc Surg 2008;47:591-8.)The construction of arteriovenous fistulas (AVFs) and
arteriovenous grafts (AVGs) are common procedures to
facilitate long-term hemodialysis in patients with chronic
renal failure.1 Unfortunately, maintenance of acceptable
vascular access is frequently hampered by the development
of stenoses within the vascular conduit. In AVFs, the arte-
riovenous anastomosis is a typical location for stenotic
lesions, whereas a majority of stenoses in AVGs develop at
or near the venous anastomosis.2,3 Moreover, a substantial
percentage of stenoses will be found in the outflow veins,
distant from the anastomotic site.2,3 The primary focus of
hemodialysis access intervention has therefore been on the
identification and treatment of intimal hyperplastic steno-
ses located at anastomotic sites and within the native veins.
Stenoses on the arterial side were less frequently discussed
From the Department of Radiology,a Department of Vascular Surgery,b and
the Department of Nephrology,c Catharina Hospital.
Competition of interest: none.
Presented at the Society for Vascular Surgery Meeting, Baltimore, Md, Jun
7-10, 2007.
Reprint requests: Lucien E. M. Duijm, MD, PhD, Department of Radiol-
ogy, Catharina Hospital, Michelangelolaan 2, 5623 EJ, Eindhoven, The
Netherlands (e-mail: LEMDuijm@hotmail.com).
0741-5214/$34.00
Copyright © 2008 by The Society for Vascular Surgery.
doi:10.1016/j.jvs.2007.11.024in the previous literature, but are likely to cause angioaccess
dysfunction (low flow) and, in addition, may be responsible
for the development of limb ischemia secondary to a steal
phenomenon. A number of recent studies reported that
arterial inflow lesions are also frequently encountered in
dysfunctional fistulas and grafts.4,5 This finding is not sur-
prising as several major risk factors for atherosclerotic dis-
ease, such as older age, diabetes mellitus, and hypertension,
have a high prevalence in the population of patients under-
going hemodialysis. Percutaneous treatment of stenotic
lesions at or in the proximity of an AVF or AVG has become
the first line approach over open surgical repair. Various
catheter approaches for angiographic depiction and endo-
vascular intervention of inflow stenoses are available, in-
cluding femoral or brachial artery puncture or using retro-
grade venous catheterization. There has been considerable
debate in the literature regarding which of these puncture
sites should be preferred.6,7 In AVGs, angioplasty or stent
placement of inflow stenoses after retrograde graft punc-
ture is generally accepted as the standard procedure, due to
the straightforward anatomy of the access and the absence
of acute anastomotic angles. However, few studies address
the depiction and treatment of inflow stenoses in case of
arteriovenous fistulas. Guerra et al8 used a combination of
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the treatment of distally located inflow lesions, whereas Asif
et al4,9 described angioplasty of a small number of forearm
inflow stenoses after retrograde venous access puncture. To
our knowledge, there are no data available addressing the
technical success rate of endovascular treatment of arterial
stenoses using a retrograde venous approach of a larger
number of dysfunctional fistulas. Thus, the purpose of our
study was to determine the feasibility of outpatient endo-
vascular treatment of inflow stenoses in fistulas through
retrograde venous access puncture.
METHODS
The study received a waiver of authorization from the
institutional review board; informed consent was not re-
quired. Patients who received hemodialysis or received an
AV fistula or graft between January 2002 and September
2006 represented the baseline series, while the study group
consisted of patients with an AV fistula. Prior to fistula
construction, ultrasound evaluation of the vascular system
of the upper limb had been performed in all patients and
included gray-scale imaging of the complete arterial inflow,
flow velocity measurements in the subclavian, axillary, bra-
chial and radial artery, diameter measurements of the radial
artery and cephalic vein, as well as determination of the
outflow patency by color flow.
Patients and imaging protocol. At our hospital, pa-
tients on hemodialysis are evaluated at weekly, multidisci-
plinary sessions attended by vascular surgeons, nephrolo-
gists, interventional radiologists, and dialysis nurses. For
quality assurance purposes, relevant hemodialysis related
data are stored in a database. These data include reports on
access creation, access surveillance, and hemodialysis effi-
cacy, as well as reports on imaging procedures and inter-
ventional outcome of dysfunctional fistulas and grafts. We
consulted this database for the current study and included
all 377 digital subtraction angiography (DSA) examina-
tions of 123 dysfunctional AVFs, performed at the inter-
ventional radiology department between January 1, 2002
and September 1, 2006. Of the 377 DSA examinations, 92
(24.4%) were performed in newly created fistulas. Referral
criteria for DSA were divided into the following categories:
(1) flow rate 600 ml/min or flow decline 25% at serial
measurements in combination with an absolute flow
1000 ml/min,10 measured with use of the Transonic
HD01 system (Transonic, Ithaca, NY); (2) symptoms of
hemodynamic steal (documentation of steal routinely in-
cluded inspection for trophic changes, determination of
extremity temperature by palpation, and assessment of the
radial artery pulse with and without occlusion of the AV
fistula; from 2005, steal evaluation also included plethys-
mography with and without fistula occlusion); (3) non-
maturation, defined as a fistula not functional within 2
months after creation; or (4) repeated problematic access
cannulation.
At the time of the study, initial noninvasive imaging of
all malfunctioning accesses at our institution was done by
color Doppler ultrasonography (CDUS) and included eval-uation of the complete arterial inflow, access site, and entire
venous outflow. A stenosis at the arteriovenous anastomo-
sis or venous outflow was considered hemodynamically
significant at CDUS if the peak systolic velocity at a stenosis
was greater than 375 cm/sec, or in case a luminal diameter
narrowing of 50% or more was found at gray-scale imag-
ing.11 Criteria for significant arterial inflow stenoses were
derived from established criteria for lower limb stenoses
and included diameter narrowing 50% at gray-scale im-
aging and/or a peak systolic velocity ratio of 3 or more.12
As part of a contrast-enhanced magnetic resonance angiog-
raphy (CE-MRA) feasibility study, 82 patients once under-
went an additional CE-MRA examination of the entire
vascular tree of the upper limb, including depiction of
central inflow and central outflow vessels, and the outcome
of this study was published previously by our group.2,13 At
CE-MRA, stenoses with a luminal narrowing exceeding
50% were considered to be hemodynamically significant.
Digital subtraction angiography (DSA) was performed af-
ter noninvasive radiologic evaluation and, if indicated, en-
dovascular treatment of stenoses was done in the same
setting. Routine assessment of the vascular access tree at
DSA comprised of visualization of the anastomotic region
and adjacent portion of the feeding artery, as well as visu-
alization of the complete outflow, by use of flow interrup-
tion of the outflow through a cuff or through manual
compression.14 Additional assessment of the entire arterial
inflow was reserved for cases with arterial stenosis forma-
tion suspected at noninvasive imaging.
DSA procedure and endovascular intervention. All
angiograms were performed with a digital subtraction an-
giography system (Multistar Time Operation Performance,
Siemens AG Medical Engineering, Forchheim, Germany)
using nonionic contrast (Iomeprol: Iomeron 350, Bracco,
Milan, Italy). A 5F or 6F introducer sheath (Terumo Eu-
rope N.V., Leuven, Belgium) was inserted after retrograde
puncture of the venous part of the AVF. The location of
access cannulation was at the radiologists’ discretion, al-
though puncture near the arteriovenous anastomosis was
avoided in order to prevent anastomotic damage and to
allow enough working space for sheath introduction. First,
DSA images of the complete venous outflow were acquired
by repeated manual injection of 5 to 10 cc of contrast.
Images of the access region and its distal inflow tract were
obtained during flow interruption. After intravenous ad-
ministration of 2500 to 5000 units of heparin, the arterio-
venous anastomosis of the fistula was traversed with a
hydrophilic guidewire (0.014-inch or 0.032-inch, Terumo
Europe N.V., Leuven, Belgium). A diagnostic catheter
(standard 4F straight catheter or pigtail shaped catheter,
Cordis, Roden, The Netherlands; hydrophilic 5F straight
or cobra curved catheter, Terumo Europe N.V., Leuven,
Belgium) was advanced into the aortic arch and complete
arteriography of the inflow was performed to reveal
stenoses upstream. Magnification images and angled
views of suspected stenoses were obtained. Parameters
included a matrix size of 1024 1024 and a field of view
of 14 to 40 cm.
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angioplasty (PTA) was attempted of all inflow stenoses,
anastomotic stenoses and outflow stenoses showing a
50% diameter reduction at DSA. Additional sheath inser-
tion using an antegrade puncture of the access outflow was
performed if treatment of coexisting venous outflow steno-
ses, located downstream from the retrograde positioned
sheath, was indicated. Additional stent placement was per-
formed of lesions demonstrating a 30% residual stenosis
following angioplasty. The type of balloons (low-pressure
Opta balloon or high pressure Powerflex balloon, Cordis,
Roden, The Netherlands; cutting balloon, Boston Scien-
tific, Letterkenny, Ireland; curved balloon, Heart Medical,
Cornwall, Canada) and stents (Smart-control, Cordis, Mi-
ami, Fla; Herculink, Guidant, Santa Clara, Calif) used were
at the radiologist’s discretion. Patients were not routinely
placed on anticoagulant therapy following endovascular
access intervention.
All examinations were performed by two interventional
radiologists (LEMD and AVT), who had an experience
with endovascular fistula intervention of more than 10
years.
Definition of access segments and degree of stenosis
at DSA. The arterial inflow included the feeding artery
from its origin at the aortic arch as far as 1 cm cranial to the
arteriovenous anastomosis. The arteriovenous anastomosis
comprised of 1 cm of vessel length on both sides of the
Table I. Stenosis distribution of dysfunctional AVF at
377 DSA examinations in 123 patients*
Access type
Stenosis location†
Radiocephalic AVF
(181 DSA
examinations)
Brachiocephalic AVF
(196 DSA
examinations)
Arterial inflow 4 (2.2) 7‡ (3.6)
Anastomotic 44 (24.3) 50 (25.5)
Venous outflow 47 (26.0) 47 (24.0)
Arterial inflow 
anastomotic 4 (2.2) 1 (0.5)
Arterial inflow 
venous outflow 2 (1.1) 0 (0)
Anastomotic 
venous outflow 63 (34.8) 70 (35.7)
Arterial inflow,
anastomotic 
venous outflow 2 (1.1) 3 (1.5)
No stenosis 15 (8.3) 18 (9.2)
AVF, Arteriovenous fistulas; DSA, digital subtraction angiography.
Percentages are given in parenthesis.
*Routine DSA consisted of depiction of the anastomotic region and adja-
cent portion of the feeding artery, as well as visualization of the complete
outflow. Additional assessment of the entire arterial inflow was performed if
arterial stenosis was suspected at duplex ultrasound and/or magnetic reso-
nance angiography.
†The access tree was divided into three segments: inflow, anastomotic site
and outflow. Per segment, more than one stenosis could be present at DSA.
‡Includes one patient with recurrent brachial artery stenosis at repeated
entire inflow DSA.anastomosis, whereas the venous outflow started 1 cmdistal to the anastomosis up to the right atrium. Grading of
stenoses at DSA was performed by using an electronic
caliper. The measured diameter of the residual lumen at the
point of maximal narrowing in a segment (D) was com-
pared with the measured diameter at a normal point in that
segment (N) using the following formula: stenosis percent-
age  (1[D/N])  100%. Stenoses, with a luminal
diameter narrowing exceeding 50%, were considered to be
hemodynamically significant stenoses and were eligible for
endovascular intervention.
Outcome parameters recorded and follow-up.
Endovascular intervention was defined as technically suc-
cessful if there was a less than 30% residual stenosis after
angioplasty or stent placement. During the study period, all
accesses were monitored routinely by monthly flow mea-
surements. In case of fistulas showing a flow decline, the
pre- and postinterventional access flow (measured by ultra-
Fig 1. A and B, Semicoronal digital subtraction angiography
(DSA) images (obtained by femoral artery catheterization) of a
nonmaturing radiocephalic fistula show a subclavian artery stenosis
(s1) and a stenosis at both sides of the arteriovenous anastomosis
(s2). C, Semicoronal DSA image after angioplasty. a  artery.sound dilution technique within 1 week after PTA and/or
ith int
JOURNAL OF VASCULAR SURGERY
March 2008594 Duijm et alstent placement) was recorded. In case of ischemic symp-
toms, medical records were reviewed for resolution of
symptoms following endovascular intervention and a non-
maturing fistula was considered to be salvaged if the access
could be used for two-needle hemodialysis after interven-
tion. In case of repeated access dysfunction at follow-up,
findings at DSA depicting the entire vascular access tree and
findings at reintervention were recorded.
RESULTS
At noninvasive imaging (CDUS and/or CE-MRA), a
total of 33 significant arterial inflow stenoses were depicted
in 23 patients; DSA confirmed 30 of these stenoses in 22
patients and detected no additional significant inflow ste-
Table II. Patients with arterial access stenoses: access type
and treatment outcome
Access type Referral indication Access age (months)
RC-AVF Flow decline 23
RC-AVF Flow decline 13
RC-AVF Flow decline 18
RC-AVF Flow decline 7
RC-AVF Flow decline 26
RC-AVF Flow decline 12
RC-AVF Steal 8
RC-AVF Steal 6
RC-AVF Nonmaturation 3
RC-AVF Nonmaturation 2
RC-AVF Problematic cannulation 9
BC-AVF Flow decline 14
BC-AVF Flow decline 7
BC-AVF Flow decline 9
BC-AVF Flow decline 21
BC-AVF Flow decline 14
BC-AVF Flow decline 31
BC-AVF Steal 7
BC-AVF Steal 11
BC-AVF Steal 19
BC-AVF Steal 3
RC-AVF, Radiocephalic arteriovenous fistula; BC-AVF, brachiocephalic art
minal angioplasty; N/A, nonapplicable.
Note: stents had to be used only for the treatment of arterial stenoses.
*Anastomotic stenoses and outflow stenoses were treated simultaneously wnoses. Table I shows the overall stenosis distribution ofdysfunctional AVFs at DSA. The mean length of the 30
arterial stenoses at DSA was 17 mm (range 5-41 mm) and
the mean age of the 22 patients (11 males and 11 females)
with inflow stenoses was 69.4 years (age range 38.4-85.5
years). Referral criteria for imaging had been decreased flow
rate in 12 patients, symptoms of hemodynamic steal in 6
patients, nonmaturation in 3 patients, and repeated prob-
lematic access cannulation in 1 patient.
In one patient with an inflow stenosis at noninvasive
imaging, the arteriovenous anastomosis of a nonmaturing
radiocephalic AVF could not be depicted at DSA after
retrograde access puncture. Angiography using the femoral
artery route showed a subclavian artery stenosis, as well as a
subtotal stenosis of several centimeters in length at both
ications for radiologic evaluation, location of stenoses,
Location arterial stenosis
Coexisting stenosis at AVA
or outflow*
Subclavian artery (2 stenoses) None
Radial artery AVA, cephalic vein
Radial artery None
Brachial artery AVA
Radial artery AVA
Radial artery AVA, cephalic vein
Subclavian artery None
Radial artery Cephalic vein
Radial artery (2 stenoses) None
Subclavian artery AVA
Radial artery Cephalic vein
Subclavian artery AVA, cephalic vein
Axillary artery AVA, cephalic vein
Brachial artery (3 stenoses) None
Subclavian artery (2 stenoses) None
Subclavian artery AVA
Subclavian artery AVA, cephalic vein
Subclavian artery, brachial artery None
Subclavian artery, brachial artery None
Brachial artery None
Brachial artery None
nous fistula; AVA, arteriovenous anastomosis; PTA, percutaneous translu-
ervention of arterial stenoses., ind
eriovesides of the arteriovenous anastomosis (Fig 1). In this case,
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after successful angioplasty of the subclavian artery.
After retrograde venous access puncture, a diagnostic
catheter could be advanced successfully into the aortic arch
in the remaining 21 patients (95.5%). DSA depicted 28
inflow stenoses; the presence of stenoses was limited to the
arterial inflow in 10 patients (47.6%), whereas the other 11
patients (52.4%) showed coexisting stenoses at the arterio-
venous anastomosis and/or venous outflow stenoses (Ta-
ble II).
All 21 patients underwent angioplasty of their stenoses;
additional stenting of arterial stenoses was performed in
four cases. Access flow of the 12 patients with a flow decline
improved from 431 150 ml/min to 818 233 ml/min
Table II. Continued
Endovascular
treatment Postintervention outcome
PTA  stent Increased flow (from 526 ml/min to
1185 ml/min)
PTA Increased flow (from 400 ml/min to
650 ml/min)
PTA Increased flow (from 406 ml/min to
633 ml/min)
PTA Increased flow (from 390 ml/min to
650 ml/min)
PTA Increased flow (from 320 ml/min to
680 ml/min)
PTA Increased flow (from 217 ml/min to
693 ml/min)
PTA  stent Symptom free
PTA Symptom free
PTA Unsuccessful PTA followed by
surgical revision
PTA Successful access maturation
PTA Successful cannulation
PTA Increased flow (from 625 ml/min to
1166 ml/min)
PTA Increased flow (from 430 ml/min to
760 ml/min)
PTA Increased flow (from 323 ml/min to
960 ml/min)
PTA Increased flow (from 807 ml/min to
1203 ml/min)
PTA Increased flow (from 360 ml/min to
530 ml/min)
PTA  stent Increased flow (from 370 ml/min to
700 ml/min)
PTA Symptom free
PTA Symptom free
PTA Unsuccessful PTA followed by access
ligation
PTA  stent No relief of symptoms after
technically successful endovascular
intervention; access ligationafter endovascular intervention (Fig 2). Prior to interven-tion, all six patients with steal symptoms showed a cold
extremity, compared with the other side, at physical exam-
ination, whereas none of them showed trophic changes.
With occlusion of the fistula, a feeble radial artery pulse was
present in four of the five patients, whose pulse was absent
without occlusion of the fistula. Four patients became
symptom free after endovascular intervention. Another pa-
tient, who showed a 50% residual brachial artery stenosis
after angioplasty, had no relief of symptoms. Stent place-
ment was not thought to be feasible in the latter case as the
stenosis was located near the elbow joint entailing a risk of
future stent fracture. One brachiocephalic fistula had to be
ligated as severe steal symptoms did not improve despite a
technically successful treatment of a brachial artery stenosis
Interventions during 1 year
follow-up
Access function at 1
year follow-up
ne Functional
PTA AVA-stenosis at 11 months Functional
ne Functional
ne Functional
PTA AVA-stenosis at 4 months Functional till death at
7 months follow-up
ne Functional
ne Functional
PTA cephalic vein stenosis at 9
onths
Functional
A N/A
ne Functional
PTA cephalic vein stenosis at 7
onths
Functional till death at
11 months follow-up
ne Functional
ne None
successful re-PTA 2 brachial
rtery stenoses at 4 months
Access abandoned after
unsuccessful re-PTA
ne Functional
ne Functional
PTA AVA-stenosis at 5 and at 8
onths
Functional
AVA at 6 and at 10 months Functional
ne Functional
A N/A
A N/ANo
Re-
No
No
Re-
No
No
Re-
m
N/
No
Re-
m
No
No
Un
a
No
No
Re-
m
PTA
No
N/
N/by angioplasty and additional stent placement (Fig 3).
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the plethysmographic curve. In this case, the curve typically
normalized with manual fistula occlusion. One nonmatur-
ing fistula could be salvaged by angioplasty; another non-
maturing fistula underwent surgical revision after unsuc-
cessful angioplasty of two radial artery stenoses. Finally, in
Fig 2. A andB, Anteroposterior DSA image (obtained b
fistula in a patient with flow decline shows a radial arter
angioplasty. a  radial artery.
Fig 3. A, Anteroposterior digital subtraction angiography (DSA)
image (obtained by retrograde venous access catheterization) of a
brachiocephalic fistula in a patient with steal symptoms shows a
brachial artery stenosis (s1). B, DSA after stent placement. a 
artery, v  vein.one patient access cannulation was restored after successfulangioplasty of two stenoses located in the brachial artery
and cephalic vein, respectively. No complications were
observed during DSA or during the endovascular interven-
tion itself. All 21 patients were treated on an outpatient
basis and could be discharged immediately after interven-
tion. The mean examination time, which included patient
preparation, access puncture, DSA and intervention, was
36 minutes (range 26-53 minutes).
Of the 18 patients with a procedural success following
endovascular intervention, two did not use any kind of
anticoagulant medication, whereas the remaining 16 pa-
tients continued their anticoagulation medication (aceno-
coumarol, six patients; aspirin [80 mg daily], 10 patients).
Through 1 year of follow-up, 11 patients (61.1%) showed
an uneventful access function (Table II). Arterial restenosis
was observed in one of the seven patients who underwent a
repeated complete access DSA for the evaluation of recur-
ring access dysfunction. Five patients underwent one or
several angioplasty procedures of restenoses located at the
arteriovenous anastomosis (three patients) or located in the
cephalic vein (two patients). All these stenoses had already
been treated simultaneously with the arterial stenosis pro-
cedures. The two cephalic vein stenoses were not located at
a previous puncture site for treatment of the arterial steno-
ses. One patient underwent endovascular intervention of a
new stenosis which had developed at the arteriovenous
anastomosis.
DISCUSSION
DSA of the complete arterial inflow, followed by endo-
vascular intervention of significant inflow stenoses, was
achieved in all but one of the patients using a retrograde
venous access puncture technique. An advantage of this
approach, compared with a femoral artery approach, is the
ability to treat inflow stenoses without the need of hospi-
rograde venous access catheterization) of a radiocephalic
osis (s). C, digital subtraction angiography (DSA) aftery ret
y stentalization. We observed no complications during angiogra-
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charged from the hospital immediately after the procedure.
Although hospitalization may not be obligatory after inser-
tion of a guiding catheter or guiding sheath in the femoral
artery, many European centers routinely hospitalize pa-
tients for a period of 4 to 6 hours following femoral artery
catheterization. Another drawback of the femoral approach
can be the lack of long shafts of angioplasty balloons and
stents, especially if an inflow stenosis is located at a remote
distance in the forearm. To our knowledge, our study is the
first that describes stent placement of inflow lesions after
retrograde venous puncture of dysfunctional fistulas. Al-
though the numbers are small, especially for patients
treated with stents, we encountered no difficulties during
crossing of the arteriovenous anastomosis, neither with
angioplasty balloons nor with stents. Manninen et al de-
scribed the endovascular treatment of failing Brescia-
Cimino hemodialysis fistulas employing a brachial artery
approach.6 Although their success rate of primary interven-
tions was 92%, a complication rate of 12% was also re-
ported. In their series, complications included pseudoan-
eurysm formation and hematomas, of which four required
surgical repair. The relatively high risk of complications
caused other access intervention experts to argue that the
routine brachial artery approach for the treatment of access
stenoses is not the first choice.7 Moreover, an antegrade
brachial artery puncture will not allow a proper depiction of
the complete arterial inflow. Guerra et al used a combina-
tion of an antegrade arterial puncture with a 20 gauge
needle for access depiction, and a retrograde venous punc-
ture for angioplasty of peripherally located inflow steno-
ses.8 Again, they obtained no information about the central
arterial inflow. Visualizing the entire arterial inflow may be
essential, as several recent studies report on the presence of
centrally located arterial stenoses in accesses with limitation
of flow and in patients with steal syndrome.4,5,9 Asif et al
described a favorable experience in two small series with
arterial inflow lesions4,9; one series of five cases (two AVGs
and three AVFs) with stenotic lesions in either the brachial
(n 2) or radial artery (n 3) and another series of 12 steal
syndrome cases (eight AVFs and four AVGs), with stenoses
in either the axillary (n 1) or brachial artery (n 5). After
cannulation of the access in a retrograde direction, they
were able to perform a technically successful intervention in
all patients that were considered candidates for a percuta-
neous approach and they observed no complications.
Within 1 year of follow-up, we observed arterial reste-
nosis in only one of the 18 patients whose endovascular
intervention had been successful initially, whereas five pa-
tients had recurrent stenoses at the arteriovenous anasto-
mosis or venous outflow. Atherosclerotic lesions gradually
arise over years and in comparison with anastomotic and
venous endovascular intervention, inflow stenoses usually
have a lower rate of recurrence.8,15 On the other hand, we
may havemissed certain restenoses as we repeated complete
access DSA only if a patient showed recurring fistula dys-
function at follow-up.Our study has several limitations that must be consid-
ered when interpreting the results. Preoperative evaluation
of the arterial inflow, prior to fistula formation, was done by
ultrasound. We cannot be certain that any of the arterial
stenoses were already present at the time of fistula creation,
as we did not perform invasive angiography (which is the
standard of reference for stenosis detection) preoperatively.
Also, we were not able to differentiate between intimal
hyperplasia, atherosclerosis, or a combination of these fac-
tors as causes of arterial stenosis formation.
One may argue whether it is worthwhile to assess the
complete arterial inflow in dysfunctional fistulas. Over a
period of 56 months, we detected inflow lesions in 22 out
of 123 patients with an autogenous arteriovenous fistula
(17.9%). Although inflow lesions may also be present in
arteriovenous grafts, we did not include this type of access
as endovascular intervention of inflow stenoses in AV grafts
will be an undemanding procedure.5,16 Vascular anatomy is
straightforward and catheter advancement into the artery
will be easy after retrograde cannulation of the loop. Larger,
prospective studies are required to determine whether as-
sessment of the complete inflow of dysfunctional fistulas is
always indicated or only in selected cases. In a prospective,
multicenter study, we currently investigate the value of a
routine depiction of the complete vascular tree of dysfunc-
tional hemodialysis access shunts with DSA following retro-
grade puncture of the access outflow.Meanwhile, depictionof
the inflow may be considered for those dysfunctional fistu-
las (and grafts) that demonstrate unsatisfactory clinical
improvement after a technically successful intervention of
anastomotic stenoses or outflow stenoses. We strongly
suggest that evaluation of the inflow and the endovascular
treatment of inflow stenoses may be done by retrograde
venous access puncture, rather than by a potentially more
hazardous brachial artery approach or by a more invasive
femoral artery approach.
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